Two different cyanobacteria, Anabaena CH 1 and CH2, were isolated from Taiwan paddy soils. Both strains can grow well with daily dilution method. Anabaena C H I shows a blue-green color and Anabaena CH2 a green brownish one. Nitrogenase activity decreased as cultures were trans ferred from light to dark. When a darkened culture was placed again into the light, nitrogenase activity recovered within two hours, but not in the presence of chloramphenicol. Energy supply for nitrogenase within both strains was different. Nitrogenase activity of Anabaena CH 1 was lightdependent and oxygen in heterocyst was exhausted through oxyhydrogen reaction. Except photo synthesis, respiration may be used as energy source for nitrogenase in Anabaena CH2. Respira tion was the major one to protect nitrogenase against oxygen.
Introduction
Nitrogen fixation in cyanobacteria, reduction of nitrogen to amm onia, is an energy consuming pro cess. Solar energy captured by the light reaction of photosynthesis therefore is the most direct energy source for nitrogen fixation in heterocystous cyano bacteria. N itrogenase activity will increase at the start of and keep higher during light period. A t trans fer from light to dark nitrogenase activity will decrea se rapidly [1 -3] . There are reports dem onstrating ATP and reductant requirem ent for nitrogen fixation being provided by photosynthesis and respiration [2, 4] , D ark nitrogenase activity was reported to depend on reserve substrances [5] .
There are many different strains of cyanobacteria existing in the Taiwan paddy solis [6, 7] . Seven strains of nitrogen-fixing cyanobacteria were isolated and collected in our laboratory. Three of them can grow well in liquid culture medium. O ne strain of which, A nabaena C H 2, was reported to exhibit its brownish color even when growing under conditions of relatively, high tem perature and light intensity [6] . In this study, some physiological properties of nitro genase of these two new strains (Anabaena CH 1 and CH 2) are reported.
Materials and Methods
The cyanobacteria used in this study, Anabaena C H I and C H 2, were isolated from Taiwan paddy The cell size is about 5 Jim. They were cultivated at 32 °C, in modified BG11 medium [8] , bubbled with air, and continously illuminated with 6 fluorescence lamps. Light intensity was 240 |xE-m_2-sec_1. Each batch culture was diluted every day to a chlorophyll concentration of 0.2 ng/ml in order to keep the cells in a logarithmic growth state. The doubling times were 7 and 1 8 h for C H I and CH 2 respectively.
Nitrogenase assays were performed as previously described [ 6 ] . 5 ml cyanobacterial suspension was transferred to a 2 5 ml serum bottle; 3 0 % acetylene was injected to each bottle, shaking with hand once per 5 min. The incubation condition was the same as in culture. A fter exactly 6 0 min, 0 .5 ml 2 n H 2S 0 4 were injected into the serum bottle to stop the reac tion. 0 .5 ml gas samples were taken for determ ina tion of ethylene by gas chromatrography (V arian Model 3 7 0 0 ) . Oven tem perature was 8 5 °C and a 9 feet long column filled with porapak N was used. The flow rate of carrier gas N2 was 3 0 ml/min.
Results
W hen cyanobacterial cultures were transferred from light to dark, rates of nitrogenase activity (as sayed in the light for 1 h) of Anabaena CH 1 and C H 2 declined in the dark (Fig. 1) . When cultures were placed again into the light after 1 h dark incu bation, recovery of nitrogenase activities took place immediately in both strains, but not in the presence of chloramphenicol (50 ng/ml). The loss of nitrogen ase activity in Anabaena CH 1 was less under N2 than under air. On the contrary, in C H 2 loss of nitroge nase activity was complete within one hour under anaerobic conditions (Fig. 2) . Otherwise, nitroge nase activity of C H 2 also declined in the light and anaerobic conditions. In Table I the results show that the rate of nitro genase activity in the dark, aerobic conditions (assay ed also in the dark) was only 5% (Anabaena CH 1) or 50% (Anabaena C H 2) as com pared to those in the light. W hen put under anaerobic conditions nit rogenase activities of both strains was not altered significantly in the light. In the presence of DCM U and in the light, nitrogenase activity of Anabaena C H I was totally inhibited under aerobic condition, but it was still remaining 25% activity when incu bated under anaerobic condition. In contrast, D CM U inhibited only 15% of nitrogenase activity of Anabaena C H 2 (Table I) . Inhibitor KCN would in hibit totally nitrogenase activity of Anabaena CH 1 no m atter what incubated conditions. In the presence of KCN, Anabaena C H 2 showed 25 of 50% activities under aerobic or anaerobic conditions respectively (Table I) . Table I . Nitrogenase activities of Anabaena C HI and CH2 incubated with or without DCM U, KCN, under aerobic or anaerobic conditions. Activity was assayed in the light or in the dark for 1 h. 
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Discussion
Energy for nitrogenase activity expressed in heterocystous cyanobacteria comes mainly from light. The rate of nitrogen fixation under heterotrophic conditions does not exceed 50 to 70% of the light rate [2, 9] . W hen using stored carbohydrates as energy supply cyanobacteria can fix nitrogen in the dark with only 20 to 30% of the activity measured in the light [10] . The loss of nitrogenase activity after transferring cultures to the dark was reported to oc cur in Anabaena [1, 2] . Similar phenom ena were m easured in Anabaena C H I and C H 2 cultures. But their activities did not recover in the light when chloramphenicol was added (Fig. 1) . It was different from that stated by W eare and Benem enn (1973) . It indicates that the declination of nitrogenase activity of Anabaena C H I or C H 2 in the dark is related to the biosynthesis of nitrogenase. W hen cyanobacterial cells were put under anaerobic conditions, dark declination of nitrogenase activity of Anabaena CH 1 could be protected (Fig. 2) . On the contrary, nitro genase activity of A nabaena C H 2 under anaerobic conditions was less than that under aerobic condi tions w hether C H 2 was incubated in the light or in the dark (Fig. 2) . It can be interpreted as that each heterocystous cyanobacteria might serve individual way to protect nitrogenase against oxygen in nature. Such as in Anabaena CH 1 uptake hydrogenase will participate in oxygen protection mechanism. In Anabaena C H 2 respiration is the m ajor one to pro tect nitrogenase against oxygen and meanwhile sup ply energy and reductant to nitrogenase (Table I) . U nder anaerobic condition nitrogenase activity of Anabaena C H 2 in the light decreased due to stop ping the oxidative respiration (Fig. 1) . In the dark and anaerobic conditions, the rapidly turnover rate of nitrogenase may be the reason for declination of nitrogenase activity (assayed in the light) in A n abae na CH 2.
Nitrogen fixation in cyanobacteria requires much energy and reductant. The energy may be supplied in heterocyst by cyclic photophosphorylation or oxida tive phosphorylation [2, 3] , the oxyhydrogen reac tion included [11, 12] . Reductant may be generated via the oxidative pentosephosphate pathway using fixed carbon transterred from vegetative cells [1, 3, 4] , photosystem, or H 2 [11, 13] . From the results shown in Table I , dark nitrogenase activity of Anabaena CH 1 (assayed in the dark) was only 5% of that in the light and light activity would be totally inhibited by DCM U or KCN. It indicates that energy and reduc tant supply for nitrogenase is mainly dependent on photosynthesis. When C H I cells put under light and anaerobic conditions, the oxyhydrogen reaction which used to exhaust oxygen existing in the hetero cysts might be used as energy supplier for nitroge nase [11] . In Anabaena C H 2, energy supply for nitrogenase might have two different ways. First, photosynthesis was not the only way to supply energy for nitrogenase, because DCM U inhibited only 15% of light activity. Second, using reserve substances through respiration [5] was possible, because Anabaena C H 2 cells showed relative higher dark ni trogenase activity.
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